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ft is established that both the magnitude, and the direction of 

t h e  velocity of sotion of infinite vortex eystemrr (trails relst ivr to 

fluid flow) rhfcn meets an obstacle producing trai l5  depend on the 

mutual arrangement of batd vortex chdns.  

the sme general forniulas which gave u6 the complex velocity of each 

Actually, we will tert from 

*hers a t  , am represent the affixes of the vortices corresponding to 

the upper c-su lowtr  chains 4 Lhe Index o relates to  some initial 

From fornula (e) it is evident that iw a consequence of V, = 0 ,  

By JI 0 ,  spnnetriual htnd stagpred trails move in the direction of the 

basic flow; asylametrlc trail5,in viea of VA pb: 0 ,move obliqudy with 



d 

of their edstence coincLtiCC. 

X f  vostices of small displrjcwent (of fbst  sr second but not 

fourth or awh higher order) are &.Meit ana the s t a b i l i t y  of the vortex 

aptrim i s  studied then Laere i~ ohtdn@d, as is ficnown, t h a t  the sp- 

metria tr&il is determined unstable, %he st&.gger& may be stable  if the 

Earntan CD ndi tfon 

~ S n h f l m  1, Ka h/r x Qi@@Jl (4) 
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%oar the ewfatslaccs of oblkque flora of %mil&, 

2r ~ra D I C S P ~ ~ ~ ~  RUI& i r s  wb ~ b ~ l e r d  In nature and not ~ h t b d  fer 

laboratory tests.  

We have in view t h f j t  theoretic investigation of the question of t h e  

aotion ant s k b i l i t y o f  vortex trails assufies, on the one hand, an 

id& f l u i d  and, on the other hmd, considers Infinite vortex trsils 

not cormectw witbaa obatacle which produces vortices i n  euch time 

these real causes ,reduce observable staggered vurtex t w S l s  which 

flOr Mtraight. 

ahfch frequently is obtierved vortex trails io hn &nost ides1 f l u i d  anci 

that vortex oystems are stuuiea far from th@ obstacle tilea a l l  yre be- 

l ieve %& mBy give & purely tkreoretlcal explanation of tklb questfun: 

Bhat produces the tenclency of  s t k b l e  trhils t o  appear exclusively in 

But if i t  is turn h t o  account that  the wdltor in 



staggered but n o t  in asymetric order and to flow not slanting but 

straight? 

Bavlag irr v ies  List a very sitaFlar study by Kochin [2] in gen- 

em4 excludes tie stssle s t u t o  of staggerea trails ( but i n  .me of the 

first of osr reports  [a] ue showed tbt this relates t o  aaptetrfic 

trails) the ~ t a  tsnent of the above-nientioaneu qufeet4wi generally would 

he tcb~lesu If the raa*Jlt which gives us the theory i t i  not in satis- 

t o  forget  thtlt t h e  mechrlnlwm of €3mErtio?1 of the vortex s;rsteu from a 

cylincier fs such that *&e vortex tr& siust be, f €  not completelb, cat 

l east  alm..st symmetrical, then as me s t a t e  that i t  is g u i c d y  made 

staggered and. not  disintegrated. 

is the l e s t  ett2ge of cu1 infinitel,v-many d s o - s t g h l e  intermediate a- 

We show thet staggered arruagsrnent 

aymnlcatric trails, Ln ottier woras, the latter, streaming obliquely,  

is s tub i l i s eu  and i ' l n s l ly  arranged in the form of staggered trails 

9 treamiag ctr&l,rht ly .  

Comiderinq fomulas (2) mci (3) ccrlier [l] , we esthbl i shed 

which satisfj the &tabid%:. c:inditiono that for par;;met,p,ru 1 and ( 

synuretrfe tra i l s  

velaciky. I t  l a  

aeymnctric t re f i s ,  thereb~  is t h e  prcpwtyt 

wLhich shows tnat Bymetric have maye velocity, a- 

have le68 veiocita but stogksrea "&Us hslve smaller 

ehsy t o  ataucu tnet the izsymetric: stable trrtild txre 
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alwaye narrower than s k b l e  staggered trails. These properties 

ehoa tlmt generalized aaymstrfc trails have, actual ly ,  a character 

intermediate between apwietric and staggered. 

err@ d o s e  t o  obfservabLe t e a t  methodrj, 

such a UspJecernent l a w  which leads to etable sta.gger& trails in 

All these facts also 

Tbst  b wkj~yr~e! proceed from 

unsymetrfcal arrengerursnt therefore to oblique flow system anu we 

w i l l  seek the peths 3f separate vortices, 

Ohligue strem.ln& vortex trdI.s we already obtaLnect for a n y  

"group" displacement (hi each of two vortex chains is b:.cBd &in inf- 

in i t e  numb@; of &&chion8 such that in efery ti ection is contained 

vortices, the displacement of vrhicn in each succeeding section is re- 

peated) * For D = 2 1dterns;te displc ofmefit) w deduced the xa 

flow levv (1) pj. This e f f ec t  appears in a more obvious way when 

n 

ponent OE veiooity we fin4 the formula I s 3  

f3 

1 (icienticttl disglacements) in any cme fox. the secondary com- 
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aetjric trail, a8 we showti [l,r'J may ala0 be stable)  

Thus, lib w r i l i  proceSB from  ode staggered arrangement of the 

move tha V C W ~ ~  enkilns relcotive La ~ U B  another but, on the other hand, 

e~piinca (contract) ~3 vortex trailu" 3ur go& is .to find t n e  itin 

diLch zontrald u16 trajactary o t  Lhc vort ices  is their motion rds- 



The trajectory, according to inrkich the lseparate vurtioars move, 

we obtain after sane trrtnai'ormation and d t n r a t i o n  of d t  from 

which b o  the integral  

= Y i n 2 i p T i -  + c (U) 

the coasta t  of integration C WE: considw, on 

for t = 0, F3 az 0, to E 0,  from which we obtain 

on the o t b r  hand, since the i n i t i a l  arrmgement 

was stable according to Kmmn we take into account condition (4 ) *  

ae caen obtain c = a. 

Thus, we abtain the si>lutfan of (10) in the fonn 

si&lpt(s sin2 m ( 18) 

from which, osoual;tng 2 1 , for t he  trcajectorq. of the separdte vor- 

tices we find t h e  equation 

Sinw E 8 + 7 / I  , then eyuaUon (le) naturally becomes 

a f s b w  = c0E)fT (14) 

Nhfch coincides w i t h  the s t a b i l i t y  condition ( 5 )  for asymmetric 

trails in which condiUon f t  i s  necessary ta put h = d/z + 
from which ffe obtain, ~ o g o u e  to 

= & +)h 

(14, that i r "  ~e s t a r t  from a 



staggered arrangement and it  reduces t3 an asymmetric then the stab- 

i l i t y  condition transform3 to 

alnk1 MST = c o s p -  

Thus we established that for simultaneous movement of v o r t a  

ch&J3Ls and coa%tractj.oas of t r a i l s  tile law nhich controls the tradecb 

o r y  of  sepasets vortices i s  auch thtit they describe stable trejectaries,  

This means that dlf htemedi&ts mpIctrSc&l trails &re stable which 

permit, s i thou t  A brew, t r ~ i l s  to &?range their  vortices i n  an u%%imate 

8 tmgdered wder . 
With thisr stabilitatioa, D vortex s g . s t e ~  paaolng through an ln f ia i t e  

manifold of asynaietzic cmfigura&i,ons which dwarys mre tibeady ataggsrd 

$rails, deoreosles i ts  velocity, anti becoPllLng yossiblyr more broad, starts 

to move N i t h  the minimum velocity 

ponds t o  expwilceutal fact thst the  otistrred staggered trail  has R con- 

s faerably larger  wiath than the greatest trr;nuverse section of the 

atreanline bay,  The same appl i e s  to the very slow flow of vortex trails 

far froa the bcxiy. Wear tihe body the trails undergo some oscfllations 

both in respect t o  the mutual distance of the two vortex chins an& in 

respect k~ the arrangement of toe axt ins  g l t h  respect t;7 each sther. 

(2). This same kroad trail corres- 

StaBUiaetfon of vorts,. t r a i l s  16 c u t iuued  briefly; in that time 

the effect  of ohligue flow may be discovered only an the f'orra of  small 

displacements of the t r e i l  ~ n i a  re1t;tive to t r e  axis  of B ymmetrr of the 

b3dy. h s  we a b o w $ ,  an a obstrl ictir ig body d.sa shows ists effect as 

C . > X I S ~ ~ U ~ W X  B;t re8 i& t . ' l f~  d i s p l a C ~ f ~ ~ t  beyond t h e  body io iltirdljr toted. 
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